The role of renin-angiotensin system (RAS) genes on the risk of lower extremity arterial disease (LEAD) in elderly people remains unclear. We assessed the relationship of genetic polymorphisms in RAS: G-6A, T174M and M235T of the angiotensinogen (AGT) gene, and the angiotensin-converting enzyme insertion/deletion (ACE_I/D) variant to the risk of LEAD in the Health, Aging and Body Composition (Health ABC) Study. This analysis included 1228 black and 1306 white men and women whose age ranged between 70 and 79 years at the study enrollment. LEAD was defined as ankle-arm index (AAI) o0.9. Genotype-phenotype associations were estimated by regression analyses with and without adjustment for established cardiovascular disease (CVD) risk factors. The proportion of LEAD was significantly higher in black (21.1%) than that in white elderly people (10.1%, Po0.0001). The distribution of AGT polymorphisms was also significantly different between black and white participants. There was no statistically significant association between the selected RAS genetic variants and LEAD after adjustment for age, antihypertensive medications, lipid-lowering medication, pack-year smoking, body mass index, low-density lipoprotein cholesterol, and prevalent diabetes and coronary heart disease. However, A-T haplotype of G-6A and M235T interacting with homozygous ACE_II (b ¼ À1.07, P ¼ 0.006) and with ACE inhibitors (b ¼ À1.03, P ¼ 0.01) significantly decreased the risk of LEAD in white but not in black participants after adjustment for the selected CVD risk factors. In conclusion, the study observed a gene-gene and gene-drug interaction for LEAD in the white elderly.
Introduction
The renin-angiotensin system (RAS) regulates blood pressure (BP) by its effects on vascular tone, renal haemodynamics, and sodium and volume homeostasis. The principal vasoactive component of the RAS is angiotensin II, which exerts powerful vasoconstrictive effects. [1] [2] [3] Angiotensin II is generated in two steps: (1) renin cleaves angiotensinogen (AGT) to angiotensin I; and (2) angiotensin-converting enzyme (ACE) converts angiotensin I to angiotensin II. The AGT polymorphism M235T corresponds to a change from methionine to threonine at position 235. 4, 5 The polymorphism T174M in a tight linkage disequilibrium with the M235T variant 4 encodes methionine instead of threonine. Studies 4, 6 have found higher plasma AGT levels among 235T allele carriers, but no association between T174M variant and AGT levels. The G-6A variant in the promoter region of AGT gene is in linkage disequilibrium with M235T and T174M, which causes a change in AGT gene expression, thereby altering plasma AGT levels. 7, 8 The ACE insertion/deletion polymorphism (ACE_I/D), the presence or absence of a 287 base pair DNA fragment in intron 16 of the gene, affects plasma ACE level, with a higher plasma ACE level in D allele carriers. [9] [10] [11] Thus, people who carry susceptibility polymorphisms of RAS may experience chronically unbalanced vasoconstriction and vasorelaxation. The unbalanced vascular tones increase the arterial stiffness and, consequently, increase the risk of development of lower extremity arterial disease (LEAD) or other vascular diseases. Previous reports on the association of essential hypertension [12] [13] [14] and cardiovascular diseases 15, 16 with G-6A, T174M, M235T and ACE are inconsistent, possibly due to small sample size or unrecognized confounders or effect modifiers. In addition, the relationship between RAS genes and LEAD in Europeans and Asians [17] [18] [19] is also inconsistent. To our knowledge, no study has yet examined the association between variations of RAS genes and LEAD in elderly and black participants. In this study, we estimated the relationship of G-6A, T174M, M235T of the AGT gene and ACE_I/D to LEAD and tested gene-gene and gene-covariate interaction in black and white men and women who were 70-79 years old and enrolled in the Health, Aging and Body Composition (Health ABC) Study.
Materials and methods

Participants
The Health ABC study is a population-based, prospective study of the impact of changes in weight and body composition on age-related physiological and functional changes. Participants aged 70-79 years were recruited from March 1997 to July 1998 at two field centres located in Pittsburgh, PA, and Memphis, TN. They were drawn from a random sample of Medicare beneficiaries residing in ZIP codes from the metropolitan areas surrounding Pittsburgh and Memphis. Eligible subjects reported no difficulty walking one-quarter of a mile, climbing 10 steps, or performing basic activities of daily living. They also had to be free of life-threatening illness and to plan to remain in the area for at least 3 years. The study consisted of 3075 men (48.4%) and women, of whom 41.7% were black. Participants with missing genotype data (n ¼ 102) or with allelic distribution under Hardy-Weinberg disequilibrium (439 white women from Memphis) were excluded from the analyses. Thus, this analysis was conducted using the baseline data of the remaining 1228 black and 1306 white participants. All participants signed a written informed consent approved by the institutional review boards of the University of Pittsburgh and University of Tennessee.
Definition of LEAD
All participants had their ankle-arm index (AAI) measured at the baseline clinical visit (1997) (1998) . AAI is a noninvasive procedure for detecting LEAD. Arterial systolic blood pressure (SBP) was measured by a hand-held, 8-MHz Doppler probe placed directly over the artery and a conventional mercury sphygmomanometer. The participants were in supine position on an examination table, and after 5 min of rest, standard adult-size BP cuffs were applied to the right arm and to each ankle (with the lower end of the bladder within 3 cm of the malleoli). After palpation of the brachial and posterior tibial arteries, ultrasound gel was applied, and a Doppler stethoscope (8 MHz, Huntleigh Technology, Inc., Manalapan, NJ, USA) and a standard mercury manometer were used to assess SBP in the right brachial artery and in each posterior tibial artery in rapid succession. Measurements have been shown to be reliable between observers, stable over time, and highly correlated between left and right legs. 20 Means of the first and second SBP measurements for each leg and right arm were used to attain AAI. AAI was defined as the lowest ratio of SBP of either the right ankle to the right upper-arm or the left ankle to the right upper-arm. According to previous reports of abnormal AAI associated with preclinical cardiovascular disease, 21 AAI p0.9 in either leg was used to define LEAD.
Candidate polymorphism assays
Genomic DNA was extracted and purified from buffy coat prepared from whole blood using the PURE-GENE DNA Purification Kit (Gentra System, Inc., Minneapolis, MN, USA), and stored at À801C until analysis.
The ACE insertion/deletion polymorphism in intron 16 of the ACE gene was determined using polymerase chain reaction (PCR) amplification with subsequent visualization of PCR products on 2% agarose gels by electrophoresis. The sequences of the sense and antisense primers were 5 0 -CTGGA GACCACTCCCATCCTTTCT-3 0 and 5 0 GATGTGGCC ATCACATTCGTCAGAT-3 0 , respectively. The insertion allele (I) was detected as a 490-base pair band, and the deletion allele (D) was visualized as a 190-base pair band. The PCR products were visualized independently by two laboratory technicians, and genotypes that were not scored identically by both technicians were re-analyzed. Because the D allele in heterozygous samples is preferentially amplified, 22 all samples were re-amplified using a primer pair that recognizes an insertion-specific sequence
. The reaction yields a 335-base pair band only in the presence of an I allele and no product in DD homozygotes. This procedure identified 45 samples (1.5%) with the ID genotype that had been misclassified as DD with the initial primers.
G-6A, T174M and M235T polymorphisms of AGT were genotyped using the MassARRAY system (SEQUENOM, Inc., San Diego, CA, USA). PCR reactions were performed in a total volume of 5 ml with 10 ng of genomic DNA, 1 Â PCR buffer (Qiagen, Valencia, CA, USA), 2.5 mM MgCl 2 (Qiagen), 0.1 U of Hot StarTaq polymerase (Qiagen), 200 mM dNTP (Invitrogen, Carlsbad, CA, USA), and 200 nM of each primer. The extension reactions were performed in a total volume of 9 ml with 50 mM dNTP/dideoxynucleotide phosphate (ddNTP) each, 0.063 U/ml Thermo Sequenase (both from SEQUENOM, Inc.), and 600 nM extension primers. Genotyping was carried out using proprietary software (SpectroTYPER, SEQUENOM, Inc., San Diego, CA, USA). Because the genotyping methods were unable to distinguish gametic phase of polymorphisms, eight (2 3 ) possible haplotypes of diallelic polymorphisms G-6A, T174M, and M235T and four (2 2 ) possible haplotypes of G-6A and M235T were estimated using expectation-maximization (EM) algorithm.
Covariates
Covariates, which were collected at baseline, included sociodemographic variables (age, sex, race, and study site), BP, comorbidity (prevalent coronary heart disease (PCHD), cerebrovascular disease, congestive heart failure, and diabetes), physical, behavioural, and biological parameters (pack-year smoking, Body mass index (BMI), low-density lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol), and antihypertensive and/or lipid-lowering medications. Race was determined by participant self-identification as either black or white in answering the question 'How would you describe your primary racial or ethnic group'? SBP or diastolic blood pressure (DBP) was an average of two measurements of sitting BP, using a conventional mercury sphygmomanometer on either arm after a 5-min seated rest. Participants with SBPX140 mm Hg, DBPX90 mm Hg, or those using antihypertensive medications in the previous 2 weeks were considered to have elevated BP. PCHD was defined based on self-report of coronary artery bypass grafting surgery (CABG), percutaneous transluminal coronary angioplasty (PTCA), carotid endarterectomy, doctor-diagnosed myocardial infarction (MI) or angina, and use of anti-anginal medications. Prevalent cerebrovascular disease (PCEVD) was identified by self-reported history of transient ischemic attack (TIA) or stroke. Diabetes was determined by self-report of doctor-diagnosed diabetes, fasting glucoseX126 mg/dl, or use of antidiabetic medications. Prevalent congestive heart failure (PCHF) was also a self-reported history of doctor-diagnosed CHF. The information of pack-year smoking was collected from questionnaire. BMI was calculated as weight (kilograms) divided by height (meters) squared using objective measures. Total cholesterol and HDL cholesterol were measured by a colorimetric technique on a Johnson & Johnson Vitros 950 analyzer (Raritan, NJ, USA). LDL levels were calculated by use of the Friedewald equation. Medications taken in the previous 2 weeks were brought in, recorded, and coded according to the Iowa Drug Information System. 23 
Data analysis
The SAS/Genetics v9.1 24 . was used to test HardyWeinberg equilibrium and linkage disequilibrium of selected candidate polymorphisms, and to estimate the haplotype frequency of G-6A, T174M, and M235T polymorphisms of AGT with unknown gametic phase. Maximum-likelihood estimates of haplotype frequency were computed using an EM algorithm. Only common haplotypes with frequencies greater than 5% were presented in the results section. The SAS/STAT was used to compute means of continuous measures, and proportions of categorical measures of variables of interest. Covariate-phenotype, LEAD, and covariate-genotype/haplotype associations were tested separately by race and sex group. Since there was no sex difference in gene-LEAD association, the final analyses were stratified by race only. Covariates that were significantly associated with both genetic variants and LEAD were included in the final logistic regression models. Gene-gene and genecovariate interactions were also estimated.
Because three polymorphisms of the AGT gene and the ACE_I/D variant were included in this genetic association study, we applied the Holm method 25, 26 to control the family-wise error rate, the probability of making one or more type I errors among all the hypotheses when performing multiple pair-wise tests, without assuming independence. P-values from single polymorphism-LEAD association tests (with or without adjustment for covariates) were considered as raw P-values for calculating adjusted P-values for multiple testing. The adjusted P-values were calculated using the SAS MULTTEST procedure. 24 In addition to the adjustment for multiple testing, we also conducted haplotype association analyses using trend regression to avoid multiple testing and to increase statistical power. 27 The haplotype association analyses were restricted in haplotypes of two polymorphisms (G-6A and M235T), because of a high linkage disequilibrium between G-6A and T174M (r ¼ 0.97), and T174M associated with cardiovascular phenotype most likely through the partial disequilibrium with alleles at codon 235. 4 This two-polymorphism haplotype association analysis further increased the statistical power.
Results
Participants' characteristics Participants' genotype and haplotype frequencies by race and LEAD are presented in Table 1 . ACE genotype frequencies were not significantly different between black and white participants. However, other genotype and haplotype distributions differ significantly by race (Po0.001 in the last column of Table 1 ). The higher frequency of homozygote AA of G-6A (0.681), TT of M235T (0.653), and lower frequency of homozygote MM of T174M (0.007) were observed in black compared with their white counterparts (AA 0.193, TT 0.187, and MM 0.017). Black participants were more likely to have A-T haplotype (0.805), whereas whites were more likely Table 1 . Black participants were slightly younger (mean age of 73.4 years) than white participants (mean age of 73.8 years, P ¼ 0.003). However, the black participants had a significantly poorer health status indicated by their higher SBP and DBP, higher BMI, LDL cholesterol level, higher prevalence of hypertension, and proportion of using antihypertensive medications (but proportion of b-blocker users was lower in black than that in white participants), higher prevalence of diabetes and/or PCEVD compared with the health status of their white counterparts. The prevalence of LEAD was also statistically significantly higher in black (21.1%) than that in white participants (10.1%, Po0.001). On the other hand, white participants were more likely to have smoked and had lower HDL cholesterol level. The proportion of using statin was higher in white than in black participants. Compared to non-LEAD cases, LEAD cases had significantly higher BP, PCHD, PCEVD, and use of antihypertensive medications in both black and white participants. The LEAD cases were more likely to be smokers and statin users.
Genotype and phenotype associations Genotype-phenotype associations are shown in Figure 1 and Table 2 . The proportion of LEAD was higher in black participants who carry the -6A compared to GG homozygote (P ¼ 0.07) and 235T compared to MM homozygote (P ¼ 0.04) (Figure 1 ) before adjustment for other CVD risk factors. Log odds ratios (ORs) were 1.15 (P ¼ 0.03) for the TT genotype and 1.25 (P ¼ 0.01) for the MT genotype of M235T associated with LEAD in black participants before adjustment for other CVD risk factors (Table 2) . After adjustment for the selected CVD risk factors, the association was attenuated (Log OR ¼ 0.89, P ¼ 0.07 for TT and Log OR ¼ 1.00, P ¼ 0.048 for MT). Moreover, this association was no longer statistically significant (P ¼ 0.44 for TT and P ¼ 0.33 for MT) after adjustment for multiple testing (Table 2) . In black subjects, the ACE_II genotype was associated with the risk of LEAD after adjustment for the selected CVD risk factors (Log OR ¼ 0.49, P ¼ 0.03), but was not statistically significant (P ¼ 0.25) after adjustment for multiple testing (Table 2) . In white participants, none of the selected RAS polymorphisms was significantly associated with LEAD (Figure1 and Table 2 ).
Haplotype-Phenotype association
The haplotype association was estimated according to different modes of inheritance: dominant (with at least one copy of A-T haplotype of G-6A and M235T polymorphisms), recessive (with both A-T haplotype on the pair of chromosomes) and additive (the probability of having A-T haplotype as 0, 0.5, and 1). Before adjustment for the selected CVD risk factors, the A-T haplotype significantly increased the risk of LEAD in black participants (P ¼ 0.03 in Figure 1 and Log OR ¼ 1.04, P ¼ 0.05 in Table 3 ) with a dominant mode of inheritance. After adjustment for the CVD risk factors, the association was no longer statistically significant (Log OR ¼ 0.72, P ¼ 0.18 in Table 3 ). No A-T haplotype and LEAD association was observed in white participants in this study.
Gene-gene or Gene-covariate interaction
The study observed an interaction between ACE_II and A-T haplotype of G-6A and M235T polymorphisms for the risk of LEAD in whites but not in black participants (Table 4) and A-T haplotype interaction was found in black elderly people (Table 4) . Interestingly, there was also a significant haplotype A-T and ACE inhibitor interaction (b ¼ À0.906, P ¼ 0.015 before and b ¼ À1.028, P ¼ 0.013 after adjustment for the selected cardiovascular disease risk factors) for a decreased risk of LEAD in white participants only ( Table 5 ). The use of ACE inhibitors was not associated with ACE_I/D in either white or black participants. The study did not find any other genecovariate (age, PY-smoking, BMI, diabetes, LDL cholesterol, PCHD, PCEVD, PCHF, and use of statin or other antihypertensive drug) interactions for the risk of LEAD in both black and white participants (data not shown).
Discussion
Our study examined the relationship of ACE_I/D variant and G-6A, T174M, and M235T polymorph- Abbreviations: ACE, angiotensin-converting enzyme.
a Adjusted for age, pack-year smoking, body mass index, diabetes, low-density lipoprotein cholesterol, coronary heart disease, and use of antihypertensive medication and lipid-lowering medication (statin). P 1 : P-value for b before adjustment for multiple testing; P 2 : P-value for b after adjustment for multiple testing. AGT, ACE and LEAD R Li et al isms of the AGT gene to LEAD in a large population of black and white older adults. The study observed a number of significant differences in the polymorphism frequencies of AGT between the two racial groups. There was evidence that black people possessing the II genotype of ACE or T allele of M235T were more likely to have LEAD. However, after adjustment for multiple testing, the association no longer existed. In whites, there was neither single genetic polymorphism/variant nor haplotype of G-6A and M235T associated with LEAD. Interestingly, there were a gene-gene interaction between ACE_II and A-T haplotype of G-6A and M235T and a genedrug interaction between A-T haplotype and ACE inhibitor for the decreased risk of LEAD.
The statistically significant difference in the distribution of 174M and 235T by race in this study was similar to those reported previously. 4, 28 Frequencies of G-6A in white participants of this study were similar to those in reports from Paillard et al. 29 and Tang et al. 30 The D allele frequency of ACE in this study was similar to that in the reports from a meta-analysis of 145 studies, 31 except for no significantly racial difference in our study. In addition to the genetic variation, a significant difference in vascular health between black and white elderly people in this study was also found to be consistent with most of the previous studies. 32, 33 The association between ACE_I/D and cardiovascular diseases is controversial. Some previous studies reported that the D allele of ACE increased the risk of cardiovascular diseases, 34, 35 but others reported that the ACE I allele was associated with an increased risk of stroke 36 and deep vein thrombosis and pulmonary embolism. 37 We found that ACE_II was significantly associated with LEAD in black participants only after adjustment for the selected CVD risk factors, but before adjustment for multiple hypotheses testing. After adjustment for multiple hypotheses testing, there was no ACE-LEAD association in black elderly participants, which indicated that the positive ACE-LEAD association in black participants may be due to Type I error.
The significant ACE_II and A-T haplotype of AGT interaction and ACE inhibitor and A-T haplotype interaction on the decline of risk for LEAD in white elderly people has not been reported before. The -6A variant at the promoter region of AGT gene increases the basal transcription rate of the AGT gene. 7, 8 The 235T variant has been consistently associated with higher plasma AGT levels in whites. 4, 6, 11, 38, 39 Thus, A-T haplotype of G-6A and M235T may increase the AGT level in whites. However, an increased AGT level is not equivalent to an increased level of angiotensin II, a vasoconstrictive agent, because renin cleaves AGT to angiotensin I and ACE converts angiotensin I to angiotensin II. The ACE_I/D variant accounts for 47% of the variance of serum ACE level in whites, 10 with the highest serum ACE level in DD carriers and the lowest serum ACE level in II carriers no matter if they were adolescents or centenarians. 10, 11, 40 Thus, people who carry both A-T haplotype of AGT gene and ACE_II genotype may have a low level of the vasoconstrictive agent or have balanced vascular tones, which may decrease the risk of LEAD. The interaction between ACE inhibitors and A-T haplotype for the decreased risk of LEAD further supports the idea that the function of A-T haplotype is suppressed by ACE inhibitor in whites. Thus, it is possible that ACE inhibitor is more effective in the treatment of vascular diseases in whites (43% of whites carrying A-T haplotype) than that in black participants. In fact, this racial difference in the effects of ACE inhibitor for hypertensive treatment was observed in the Antihypertensive and Lipid-Lowering Treatment 41 The ACE gene is located in intron 16, a non-coding site. 42 Thus, the ACE activity may be influenced by other polymorphisms within or nearby the ACE gene through the linkage disequilibrium with ACE_I/D. Future studies are needed to investigate other polymorphisms of the ACE gene and their interaction with A-T haplotype for the risk of LEAD in these participants. It should be also interesting to replicate the interaction between ACE inhibitor and A-T haplotype for different cardiovascular outcomes in different age groups of whites.
The same interaction was not observed in black participants, which suggested a racial difference in genetic association study. One study of 500 Jamaicans with African origin determined by at least three of four grandparents who were of African origin reported that the mean level of serum ACE was 35% higher in ACE_DD homozygotes compared with that in ACE_II homozygotes (Po0.01), but the genotype was not associated with SBP. 43 One other study of serum ACE level and BP with no ACE_I/D genotype data found that serum ACE level was inversely associated with BP in the black participants but positively associated with BP in the whites after adjustment for age, sex, BMI, alcohol consumption, and heart rate. 44 This may suggest why the ACE_II genotype and ACE inhibitors did not suppress the function of A-T haplotype in black people. Therefore, A-T haplotype showed an increased risk of LEAD (b ¼ 0.72, P ¼ 0.18) in black participants, although the association did not reach the 0.05 significant level after adjustment for covariates in this study.
As this study was conducted in older adults, the issue of selective survival must be considered. It is likely that subjects who were genetically susceptible or environmentally prone to cardiovascular diseases either may not have survived to be included in this study or may not have met the eligibility criteria. For example, the individuals with severe congestive heart failure had to be excluded to meet the criteria of no difficulty walking one-quarter of a mile, climbing 10 steps, or performing basic activities of daily living. Thus, we may be left with a population that is less susceptible to cardiovascular diseases. Indeed, Gardemann et al. 45 found, in 2267 white males, an association of the D allele with coronary artery disease in subjects younger than 61.7 years of age but not in subjects aged 61.7 years or older.
Another limitation of this study is that the analyses were performed using the baseline crosssectional data. Although chronology is not an issue for gene-phenotype association, because genes are determined before LEAD, it is an issue for drugdisease association. In this report, it is less likely that ACE inhibitors increase the risk of LEAD, but the LEAD patients are more likely to use the medicine. In addition to the chronology, the crosssectional analyses using baseline data did not take into account for the incident LEAD cases in this cohort during follow-up. Thus, the association in this report may be underestimated.
In conclusion, this study observed the different distribution of genotypes and haplotypes of AGT genes between black and white elderly people. The homozygous insertion of the ACE gene and ACE inhibitor interacted with A-T haplotype of the AGT gene to decrease the risk of LEAD in whites. The results may provide a clue for future studies of genetic effects on vascular diseases aetiology and pharmacogenetics on vascular disease treatment.
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